Abstract. The Block P Mill Site is located approximately 18 km east of Monarch,
Introduction
The Mining activities in the area date back to 1879, when the discovery of rich lead-silver ores was made near the headwaters of Galena Creek. Activity in the Galena Creek valley rose and fell in the following years as the easily mined ores were depleted and miners were forced to follow the mineral-bearing strata into the surrounding mountains. Montana businessman T.C.
Powers consolidated several mining properties under the name Block P in 1900. In 1927, the Block P properties were purchased by the St. Joseph Lead Company (a predecessor to The Doe Run Company). St. Joseph undertook several improvements to the properties, including advancement of the main shaft of the mine to nearly 425 m below ground surface and construction of a 3,125 m long aerial tramway to carry ore from the mine to a new mill that was built near the confluence of Galena Creek and Dry Fork Belt Creek. By early 1929, the Block P mill was the largest individual producer of lead concentrate in Montana (MSE, 1991) . The onset of the Great Depression forced the mine and mill to close by mid-1930. The mine and mill were operated briefly from 1941 to 1943 in support of the war effort, but once again were closed at the request of the War Production Board. The mill was dismantled shortly thereafter and production from mines in the Galena Creek valley has been virtually nonexistent since that time.
This paper presents a summary of the environmental data collected as part of the EE/CA and describes the removal action alternatives considered for implementation. The work described in this paper was initiated prior to the NPL designation for the mining district.
Site Setting
The Block P Mill site is approximately 5.3 hectares in size and consists of the mill foundation and two (upper and lower) tailings basins (Fig. 2, 3 As discussed in Weed (1900) , Witkind (1971), and Baker (1991) 
Previous Site Work
The Montana Department of Natural Resources and Conservation (MDNRC) conducted several streamflow and water quality studies in Galena Creek between 1973 and 1977 (MDNRC, 1977 . These studies identified the Block P mine dump and the Block mill site as major sources of pollution to Galena Creek and Dry Fork Belt Creek.
In 1979, the Montana Department of State Lands (MDSL) conducted additional water quality studies in the two streams that ultimately led MDSL to recommend a cleanup plan for the mill site in 1988 (MDSL, 1988) . This cleanup plan was not funded by the Montana legislature. In
1991, MDSL funded both an Environmental Assessment (MSE, 1991) and a Preliminary Project
Assessment Report (Chen-Northern, 1991) for the Block P Project Site. Both reports again identified the Site as a significant contributor to the degradation of water quality in Galena Creek and Dry Fork Belt Creek.
In 1995, USDA-FS undertook a time-critical removal action at the Site in an effort to reduce amount of erosion from the tailings basins into Galena Creek and reduce the volume of water that infiltrated through the tailings. The work consisted of constructing a ditch along the requiring Doe Run to prepare a non-time critical EE/CA as the means of determining the appropriate removal action for the Block P Mill site.
Results of EE/CA Investigation
The purpose of the EE/CA investigation was to characterize the magnitude and extent of soil and groundwater contamination associated with the Site and to sufficiently characterize the tailings to allow evaluation of removal action alternatives.
In support of this objective, 13 permanent monitoring wells were installed at the Site and sampled between 1998 and 2001. More than 50 samples of soils and tailings were collected from additional selected areas and two lysimeters were installed and sampled to assess the leachate quality attributable to both the upper and lower tailings. Ten surface water sampling stations were established on Galena Creek and Dry Fork Belt Creek to aid in the evaluation of potential removal action alternatives. To aid in planning for permanent site revegetation, tailings samples also were collected in support of a greenhouse study that evaluated the effects of various amendment rates on plant growth and vigor. 
Groundwater
As expected, the direction of groundwater flow at the Site is generally downslope toward the bottom of the Galena Creek valley and then down-valley toward the mouth of Galena Creek.
Groundwater quality as measured in monitoring wells installed through the upper tailings basin (MW98-2, MW98-3, MW12, and MW13) appears free of tailings related impacts, while the groundwater quality observed in monitoring wells installed through or adjacent to the lower tailings basin show varying degrees of contamination (MW98-4, . The data suggest that contaminants originating in the lower tailings basin have leached to groundwater and are migrating toward Galena Creek and Dry Fork Belt Creek (Table 2 ). 
Soil
In an effort to determine native soil quality immediately under tailings and how soil quality varied with depth at the Site, multiple soil samples were collected during monitoring well installation and via hand augers. Soil quality directly under tailings is generally poor, with acidic pH values and elevated metals concentrations (Table 3) 
Development of Removal Action Alternatives
Prior to collection of additional environmental data at the Site, the USDA-FS and USEPA established four objectives for the removal action to be conducted. They were:
• Remediate the Block P tailings area to attain a degree of cleanup of hazardous substances that assures protection of public health, safety, and welfare and the environment • Reduce water movement through the tailings to the extent that groundwater and surface water quality are not impacted by the addition of dissolved and total metals, reduce stream sedimentation attributed to erosion from the tailings, and to support beneficial uses within the drainage • Reduce the risk of movement of tailings offsite, to remove tailings from the floodplain, and to achieve revegetation of the Site • Implement a reclamation that requires as little maintenance as possible and is sustainable over the long-term.
Based on those objectives, eight removal action alternatives were evaluated based on effectiveness, implementability, and cost. The options were:
• No Action
• Consolidation with Soil Cover
• Consolidation with Geosynthetic Clay Cover
• Consolidation with Geomembrane Cover
• Consolidation and placement in an Onsite Isolation Vault
• Excavation for Offsite Disposal
• Onsite Stabilization
• Tailings Reprocessing.
The no action alternative and the tailings reprocessing alternative were both found to fail based on a low probability of effectiveness. Based on conceptual design plans and assumptions regarding construction methods, the cost to implement each of the remaining alternatives was estimated (Table 4) . Stabilization also were deemed unsatisfactory. One of the remaining key factors differentiating each of the various "consolidate and cover" alternatives was the estimated amount of precipitation that might be expected to percolate through the Site in the future under the various cover scenarios. Based on conceptual cover designs and site specific soil and tailings permeability data, percolation rates were estimated using the HELP model (Schroeder, et al, 1994 ) (Table 5 ). Run, USDA-FS, and USEPA are currently underway to determine the schedule for
